Epigenetic and microenvironmental alterations in bone marrow associated with ROS in experimental aplastic anemia.
Aplastic anemia or bone marrow failure often develops as an effect of chemotherapeutic drug application for the treatment of various pathophysiological conditions including cancer. The long-term bone marrow injury affects the basic hematopoietic population including hematopoietic stem/progenitor cells (HSPCs). The present study aimed in unearthing the underlying mechanisms of chemotherapeutics mediated bone marrow aplasia with special focus on altered redox status and associated effects on hematopoietic microenvironment and epigenetic status of hematopoietic cells. The study involves the development of busulfan and cyclophosphamide mediated mouse model for aplastic anemia, characterization of the disease with blood and marrow analysis, cytochemical examinations of bone marrow, flowcytometric analysis of hematopoietic population and microenvironmental components, determination of ROS generation, apoptosis profiling, expressional studies of Notch-1 signaling cascade molecules, investigation of epigenetic modifications including global CpG methylation of DNA, phosphorylation of histone-3 with their effects on bone marrow kinetics and expressional analysis of the anti-oxidative molecules viz; SOD-2 and Sdf-1. Severe hematopoietic catastrophic condition was observed during aplastic anemia which involved peripheral blood pancytopenia, marrow hypocellularity and decreased hematopoietic stem/progenitor population. Generation of ROS was found to play a central role in the cellular devastation in aplastic marrow which on one hand can be correlated with the destruction of hematopoiesis supportive niche components and alteration of vital Notch-1 signaling and on other hand was found to be associated with the epigenetic chromatin modifications viz; global DNA CpG hypo-methylation, histone-3 phosphorylation promoting cellular apoptosis. Decline of anti-oxidant components viz; Sdf-1 and SOD-2 hinted towards the irreversible nature of the oxidative damage during marrow aplasia. Collectively, the findings hinted towards the mechanistic correlation among ROS generation, microenvironmental impairment and epigenetic alterations that led to hematopoietic catastrophe under aplastic stress. The findings may potentiate successful therapeutic strategy development for the dreadful condition concerned.